Purpose Vitamins A, C, and E and folate have anticarcinogenic properties and thus might protect against cancer. Few known modifiable risk factors for ovarian cancer exist. We examined the associations between dietary and total (food and supplemental) vitamin intake and the risk of invasive epithelial ovarian cancer. Methods The primary data from 10 prospective cohort studies in North America and Europe were analyzed. Vitamin intakes were estimated from validated food frequency questionnaires in each study. Study-specific relative risks (RRs) were estimated using the Cox proportional hazards model and then combined using a random-effects model. Results Among 501,857 women, 1,973 cases of ovarian cancer occurred over a median follow-up period of 7-16 years across studies. Dietary and total intakes of each vitamin were not significantly associated with ovarian cancer risk. The pooled multivariate RRs [95 % confidence intervals (CIs)] for incremental increases in total intake of each vitamin were 1.02 (0.97-1.07) for vitamin A (increment: 1,300 mcg/day), 1.01 (0.99-1.04) for vitamin C (400 mg/day), 1.02 (0.97-1.06) for vitamin E (130 mg/day), and 1.01 (0.96-1.07) for folate (250 mcg/day). Multivitamin use (vs. nonuse) was not associated with ovarian cancer risk (pooled multivariate RR = 1.00, 95 % CI 0.89-1.12). Associations did not vary substantially by study, or by subgroups of the population. Greater vitamin intakes were 
Abstract
Purpose Vitamins A, C, and E and folate have anticarcinogenic properties and thus might protect against cancer. Few known modifiable risk factors for ovarian cancer exist. We examined the associations between dietary and total (food and supplemental) vitamin intake and the risk of invasive epithelial ovarian cancer. Methods The primary data from 10 prospective cohort studies in North America and Europe were analyzed. Vitamin intakes were estimated from validated food frequency questionnaires in each study. Study-specific relative risks (RRs) were estimated using the Cox proportional hazards model and then combined using a random-effects model.
Results Among 501,857 women, 1,973 cases of ovarian cancer occurred over a median follow-up period of 7-16 years across studies. Dietary and total intakes of each vitamin were not significantly associated with ovarian cancer risk. The pooled multivariate RRs [95 % confidence intervals (CIs)] for incremental increases in total intake of each vitamin were 1.02 (0.97-1.07) for vitamin A (increment: 1,300 mcg/day), 1.01 (0.99-1.04) for vitamin C (400 mg/day), 1.02 (0.97-1.06) for vitamin E (130 mg/day), and 1.01 (0.96-1.07) for folate (250 mcg/day). Multivitamin use (vs. nonuse) was not associated with ovarian cancer risk (pooled multivariate RR = 1.00, 95 % CI 0.89-1.12). Associations did not vary substantially by study, or by subgroups of the population. Greater vitamin intakes were
Electronic supplementary material The online version of this article (doi:10.1007/s10552-015-0626-0) contains supplementary material, which is available to authorized users.
Introduction
Ovarian cancer is the most deadly of the gynecological cancers [1] , primarily reflecting that the disease is identified at late stages when treatment success is limited. Given that effective measures to identify the disease early, through either symptom identification or screening, are currently unavailable at the population level, prevention is important for reducing the burden of this deadly malignancy.
The consumption of foods containing potentially cancerpreventive vitamins may reduce the risk of ovarian cancer. Vitamin A activity is important for the normal control of cellular differentiation and proliferation [2] , vitamins C and E have strong antioxidant activity [3] , and folate serves as a methyl group donor for DNA synthesis and repair [4] ; thus, inadequate levels of these vitamins could enhance carcinogenesis. In a 2007 international systematic review of the literature published through 2006, the available data on the associations between intake of vitamins A, C, and E and folate and ovarian cancer risk were judged to be limited and inconclusive [5] . Relatively few studies had been published on each of these vitamins, and collectively the reported results were not consistent. Statistical power may have been limited in the studies as most had sample sizes of less than 500 cases. Among subsequent studies [6] [7] [8] [9] , sample sizes have been large in some ([1,000 cases) [7, 8] though results have remained inconsistent.
The Pooling Project of Prospective Studies of Diet and Cancer (Pooling Project) is an international consortium of prospective cohort studies. In the Pooling Project, the primary data from each included study are analyzed; thus, definitions of dietary and covariate variables are standardized, minimizing heterogeneity due to variable definitions. Because the included studies are all prospective, the potential for selection and information biases, which may influence results from case-control studies, is minimized. Moreover, by pooling data from several studies, we can maximize statistical power to detect small but potentially important associations. Thus, using the data from 10 cohort studies in the Pooling Project, among which only 4 studies had previously published on vitamin intake and ovarian cancer risk [10] [11] [12] [13] [14] [15] [16] , we analyzed dietary and supplemental intake of vitamins A, C, and E and folate in relation to ovarian cancer risk overall, by histological type and among subgroups of the population defined by other ovarian cancer risk factors.
Materials and methods

Study population
The Pooling Project has been described previously [17] . Each of the studies included in these analyses met the following predefined criteria: at least 50 incident invasive epithelial ovarian cancer cases; an assessment of usual diet; and a validation study of the diet assessment method or a closely related instrument. Although the Adventist Health Study has been included in previous Pooling Project investigations of ovarian cancer risk [18, 19] , data on individual vitamin intake were available only for vitamin E in this study. Therefore, to keep the study population consistent for the analyses of different vitamins, this study was excluded. Because the Women's Health Study was a randomized trial of vitamin E and b-carotene, we restricted the study population to the placebo arm; however, only 23 cases remained; thus, this study was excluded from these analyses based on not meeting the inclusion criterion of having at least 50 incident cases. The cases occurring and person-time experienced during follow-up in the Nurses' Health Study were considered as two different cohorts [1980] [1981] [1982] [1983] [1984] [1985] [1986] , Nurses' Health Study (a); 1986-2000, Nurses' Health Study (b)] so that data from the more detailed dietary assessment conducted in 1986 could be utilized. According to the underlying theory of survival analysis, blocks of person-time in different time periods are asymptotically uncorrelated, regardless of the extent to which they are derived from the same people [20] . Thus, pooling the estimates from these two time periods is a statistically valid alternative to using a single time period.
The exclusion criteria used by each study were first applied, after which we excluded participants who reported a history of any cancer (except nonmelanoma skin cancer) at baseline, had a bilateral oophorectomy prior to baseline, or reported energy intakes greater than three standard deviations above or below the study-specific log e -transformed mean energy intake of the baseline population. The exclusion based on bilateral oophorectomy was not made in the New York State Cohort because this information was not collected.
Ovarian cancer ascertainment
Incident invasive epithelial ovarian cancer cases were identified in each study using follow-up questionnaires with subsequent medical record review [11, 21, 22] , linkage with a cancer registry [10, [23] [24] [25] [26] , or both [27] [28] [29] . Mortality registries served as an additional source of incident cases in some studies [10, 11, 21, 22, 25, 27, 28] . Nonepithelial and borderline ovarian cancers were not identified in all studies and thus were not included in these analyses. Invasive epithelial ovarian cancers were further classified by histology according to the International Classification of Diseases for Oncology morphology codes [30] or the histological classification provided by the original study investigators.
Dietary assessment
Usual consumption of specific food items was assessed at baseline in each study with a self-administered food frequency questionnaire (FFQ). Each study determined daily consumption of each vitamin from food sources only (dietary vitamin intake) using food composition databases specific to that cohort. In addition, the use of vitamin supplements was also assessed, allowing for the analysis of vitamin intake from food and supplemental sources together (total vitamin intake). Supplemental intakes of vitamins A, C, and E and folate were ascertained from studyspecific questionnaire items on the use of individual vitamin supplements and multivitamins. The measure of supplemental folate intake was primarily based on the use of multivitamins, as only four studies assessed the use of individual folic acid supplements [10, 11, 21, 25] . In these four studies, the prevalence of folic acid supplement use was very low (\3 %).
In the New York State Cohort and the Netherlands Cohort Study, vitamin supplement intake was assessed only as use versus nonuse, without information on frequency and dose. To include these studies in the analyses of total vitamin intake, we assumed an intake frequency of one per day for users and a usual dose, which, for the New York State Cohort, was the dose for generic multivitamins and vitamin A, C, and E supplements used in the Nurses' Health Study, and for the Netherlands Cohort Study was the most common dose of vitamins A, C, and E in individual supplements and multivitamins reported by participants in their FFQ validation study. Folate was not included in multivitamin preparations in the Netherlands at the time that the study was initiated; thus, folate intake in this study is from food sources only.
Vitamin intakes were adjusted for total energy intake according to the residual method [31] using the predicted nutrient intake for a daily total energy intake of 1,600 kilocalories. Among the validation studies of the FFQs [32] [33] [34] [35] [36] [37] [38] [39] , the median values across studies of the correlation coefficients comparing dietary vitamin intakes estimated using the FFQ versus the reference method (multiple dietary records or 24-h recalls) were 0.42 for vitamin A, 0.63 for vitamin C, 0.28 for vitamin E, and 0.46 for folate [17] . The study-specific correlation coefficients were generally above 0.30 [17] . Correlations for total intakes of these vitamins were not reported. In a biomarker-based validation study conducted in the Nurses' Health Study, the Pearson correlation coefficient for dietary vitamin E intake from the FFQ versus the plasma concentration was 0.41 [40] .
Variable definitions
Dietary and total intake of each of the vitamins were analyzed as both continuous variables and by categories based on study-specific quintiles. Quintiles were assigned based on the distributions in each original cohort or subcohort for the Canadian National Breast Screening Study and the Netherlands Cohort Study, which were analyzed as case-cohort studies [41] . The prevalence of multivitamin use in the Netherlands Cohort Study was much lower (6 %) than in the other studies (33-49 %) . Furthermore, folate intake was not included in their multivitamin preparations. Because multivitamins are a major source of vitamins A, C, and E and folate, total vitamin intakes in the Netherlands Cohort Study were much lower than in the other studies. Thus, when categorizing total vitamin intake according to study-specific quintiles, the intake levels in the highest quintile in the Netherlands Cohort Study were not comparable to intake in the other studies, and mainly reflected dietary vitamin intake. Therefore, the Netherlands Cohort Study was excluded from the quintile analyses of total intake of each vitamin. For total intake of each of the individual vitamins, in addition to analyzing associations using study-specific quintiles we also created categories based on cut points of absolute intake that were identical across studies. The category cut points were determined so as to differentiate multivitamin nonusers, users of multivitamins only, and users of individual vitamin supplements [42] . Since categories were based on absolute intake and were identical across studies, the lower total vitamin intake in the Netherlands Cohort Study would be appropriately classified; thus, this study was included in these analyses.
Total energy intake was modeled as a continuous variable. Analyses also included variables for smoking habits, physical activity, body mass index, parity, age at menarche, oral contraceptive use, menopausal status, and postmenopausal hormone use, which were assessed by selfadministered questionnaires at baseline in each study, and were categorized in a consistent manner across the studies as described previously [18, 19] . An indicator variable for missing responses was created for these covariates, if needed. The proportion of missing values generally was less than 8 % in each study that measured the covariate.
Statistical analysis
We first estimated the study-specific relative risks (RRs) and 95 % confidence intervals (CI) using the Cox proportional hazards model [43, 44] . Person-years of follow-up were calculated from the date of the baseline questionnaire until the date of ovarian cancer diagnosis, death, loss to follow-up, or end of follow-up, whichever came first. Age and calendar time were accounted for by stratifying on age at baseline (in years) and the year the baseline questionnaire was returned, which allows for baseline incidence rates to vary jointly and arbitrarily by age at enrollment and calendar year and is equivalent to a left-truncated survival analysis using age as the time scale. After estimating the study-specific RRs, pooled RRs were calculated by combining study-specific log e RRs, weighted by the inverse of their variance, using a random-effects model [45] . The presence of heterogeneity between studies was tested by using the Q statistic [45, 46] . To calculate the P value for the test for trend across categories of intake, participants were assigned the median value of their category and this variable was entered as a continuous term in the regression model, the coefficient for which was evaluated by the Wald test.
Before analyzing vitamin intakes as continuous variables, we assessed whether associations were consistent with linearity by examining nonparametric regression curves using restricted cubic splines [47, 48] . The model fit including the linear and cubic spline terms selected by a stepwise regression procedure was compared with the model fit including only the linear term, using the likelihood ratio test. For these analyses, all studies were combined into a single data set and stratified by study, age at baseline, and the year the questionnaire was returned. The results indicated that the associations were consistent with linearity (p, tests for linearity [0.05). For the analyses of vitamin intake as continuous variables, the RRs were calculated for increments of intake roughly based on the mean of the standard deviation of the intake across studies. In the analyses of dietary vitamin intake, for which we had validation study data, we corrected the RRs for measurement error using regression coefficients between dietary vitamin intake estimated by the FFQs and reference methods [49] .
We evaluated whether associations for vitamin intake and ovarian cancer risk varied by levels of other potential risk factors for ovarian cancer. For oral contraceptive use, parity, and alcohol consumption, we first calculated the pooled RRs for vitamin intake as continuous variables stratified by levels of these risk factors and then assessed the statistical significance of the cross-product term between the vitamin variable and potential effect modifier, using a Wald test [17] . For smoking status and postmenopausal hormone use, which are nominal variables and were analyzed in three categories (never, past, and current), we used a mixed-effects metaregression model, and evaluated the statistical significance of the parameter estimate using a Wald test [17, 50] . We also examined associations separately for the main histological types of epithelial ovarian cancer (serous, endometrioid, and mucinous). Differences in the pooled RRs by histological type were evaluated using a contrast test [51] . Analyses were conducted using SAS. All statistical tests were two-sided, and a p value of 0.05 was considered as statistically significant.
Results
A total of 1,973 women were diagnosed with epithelial ovarian cancer among 501,857 women over a median follow-up period ranging from 7 to 16 years across the 10 studies ( Table 1 ). The mean of the mean age at diagnosis for each study was 62 years; 746 women were diagnosed before the age of 62 years, and 1,227 women were diagnosed at age 62 years or later. Among the 1,973 cases, 165 were premenopausal at both baseline and diagnosis, where menopausal status at diagnosis was determined using a previously described algorithm [52] .
The prevalence of individual supplement use across the studies ranged from 2 to 9 % for vitamin A, 7-37 % for vitamin C, 2-26 % for vitamin E, and 1-3 % for folate ( Table 2 ). The prevalence of multivitamin use was higher, ranging from 33 to 49 % across all studies except the Netherlands Cohort Study, where the prevalence of multivitamin use was 6 %. Median Pearson correlation coefficients (r) across studies between intake of each of the vitamin variables ranged from 0.06 for dietary vitamin A with total vitamin E (range across studies 0.04-0.08) to 0.60 for total vitamin A with total folate (range across studies 0.57-0.75).
When analyzed as quintiles, we observed no association between dietary intake of vitamins A, C, and E and folate and ovarian cancer risk (Table 3 ). The pooled age-adjusted and multivariate RRs were similar. When we excluded the two studies for which supplement use data were not available when the ovarian cancer database was finalized (the Canadian National Breast Screening Study and the Swedish Mammography Cohort), the pooled RRs were similar to those presented in Table 3 (results not shown). To ensure that the RRs for dietary intake were not influenced by supplemental sources of the vitamins in the studies that assessed supplement intake, we examined dietary intake of each individual vitamin only among those women who did not consume supplemental vitamins (n = 517 cases); the RRs were not greatly changed (results not shown). When the analyses of dietary folate were restricted to the North American studies, where participants were exposed to folate fortification from approximately 1997 onwards, the RRs were similar to those presented in Table 3 [the pooled multivariate RR for highest versus the lowest quintile was 0.96 (95 % CI 0.80-1.15)]. Among the North American studies, when follow-up was limited to the prefortification period (i.e., up to 1997), the pooled multivariate RR (95 % CI) for the highest versus the lowest quintile of dietary folate intake was 0.99 (0.82-1.19).
For total intake of vitamins A, C, and E and folate, the pooled age-adjusted and multivariate RRs indicated that there was no association with ovarian cancer risk with RRs ranging from 0.89 to 1.07 comparing the highest versus lowest quintile (Table 3 ). For total folate intake among the North American studies, the pooled multivariate RR (95 % CI) for the highest versus the lowest quintile of intake was 1.09 (0.89-1.34) when follow-up was limited to the prefortification period. When total vitamin intakes were analyzed according to categories based on identical absolute cut points across the studies, the observed associations were consistent with the analyses by categories of studyspecific quintiles, and indicated no association (Supplementary table) .
When dietary intakes of each vitamin were modeled as continuous variables, the pooled multivariate RRs were consistent with the analyses based on categories of intake and indicated no association with ovarian cancer risk, even when corrected for measurement error (results not shown). Similarly, the pooled multivariate RRs (95 % CI) for total intake of each vitamin modeled as continuous variables were 1.02 (0.97-1.07) for each 1,300 mcg/day increase in vitamin A, 1.01 (0.99-1.04) for each 400 mg/day increase in vitamin C, 1.02 (0.97-1.06) for each 130 mg/day increase in vitamin E, and 1.01 (0.96-1.07) for each 250 mcg/day increase in folate. There was no evidence of statistically significant heterogeneity between studies for dietary (p [ 0.42) or total (p [ 0.32) intake of any of the vitamins.
When comparing RRs among participants diagnosed before the age of 62 years with those diagnosed at age 62 years or later, a statistically significant interaction was observed for dietary vitamin E intake (p for interaction = 0.01) and total vitamin E intake (p for interaction = 0.04). The pooled multivariate RR (95 % CI) for Only four studies assessed the use of individual folic acid supplement intake For each vitamin, estimates did not differ greatly between analyses that were limited to the first 5 years of follow-up (n = 731 cases and 622 cases, in the analyses of dietary and total intake, respectively) and those that included the follow-up period that occurred 5 years or more after baseline (n = 1,242 cases and 843 cases, in the analyses of dietary and total intake, respectively; results not shown).
The RRs for ovarian cancer associated with dietary and total intake of each vitamin were not modified by parity (B1 vs. 2 or more, p, test for interaction [0.14), oral contraceptive use (ever vs. never use, p, test for interaction [0.11), postmenopausal hormone use (never vs. past vs. current use, p, test for interaction[0.26), or smoking status (never vs. past vs. current smoker, p, test for interaction [0.09). In analyses stratified by alcohol consumption (drinker vs. nondrinker), a marginally statistically significant interaction was observed only with dietary vitamin E intake (p, test for interaction = 0.04 for dietary vitamin E; p, test for interaction [0.11 for the remaining vitamin variables). In both strata of alcohol consumption, nonsignificant associations were observed; the pooled multivariate RRs (95 % CIs) for a 3 mg/day increase in dietary vitamin E intake were 0.97 (0.93-1.02) for drinkers (n = 1,185 cases) and 1.04 (0.99-1.09) for nondrinkers (n = 710 cases). Given that the association between folate intake and risk of other cancers has been found to be modified by alcohol intake [53, 54] , we further stratified alcohol intake (nondrinkers, \1 drink/day, 1? drinks/day) to determine whether there were differences in associations for dietary and total folate intake by level of alcohol intake. We observed no statistically significant interactions (p, tests for interaction [0. 78) .
Associations between dietary intake of each of the vitamins with serous, endometrioid, and mucinous ovarian cancers were not significantly different from each other (results not shown). When examining total vitamin intake, a statistically significant difference by histological type was observed for intakes of total vitamins A and C (p, test for differences by histological type B0.05), where a statistically significant positive association with endometrioid, but not serous and mucinous, ovarian cancers was Table 3 continued Quintile of intake , physical activity (low, medium, high), smoking status (never, past, current), and total energy intake (kcal/day, continuous); age in years and year of questionnaire return were included as stratification variables b
The Netherlands Cohort Study was excluded from these analyses because folate was not included in their multivitamins, and because their prevalence of multivitamin use was much lower than in the other studies such that total intake of vitamins A, C, and E in quintile 5 was not comparable to the intake levels in the other studies observed (Table 4) . A similar pattern of differences was observed for folate intake, which was of borderline statistical significance. Given the importance of multivitamins as a source of total intake for each of the vitamins, we analyzed multivitamin use separately and observed a pooled multivariate RR (95 % CI) of 1.00 (0.89-1.12) for ovarian cancer overall (Fig. 1) . When analyses were conducted by histology, the pooled multivariate RRs (95 % CI) comparing multivitamin use to nonuse were 0.96 (0.81-1.12) for serous cancers, 1.34 (0.95-1.89) for endometrioid cancers, and 0.76 (0.43-1.32) for mucinous cancers. The difference between the RRs by histological type was not statistically significant (p, test for differences by histological type = 0.13). We also examined separately use of supplemental intake of vitamins A, C, and E, in categories defined by dose, in relation to ovarian cancer risk and did not observe any statistically significant associations (results not shown). In these analyses, which were adjusted for dietary intake of the relevant individual vitamin, the associations for dietary intake were virtually unchanged from the main analyses (results not shown).
Discussion
In this pooled analysis, the observed associations between dietary and total intake of vitamins A, C, and E and folate and ovarian cancer risk were generally null with relatively narrow confidence intervals. These null associations were observed when intakes were modeled as continuous variables and categories based on study-specific quintiles or common cut points of absolute intake. There was no statistical evidence of heterogeneity between studies in these analyses. While statistically significant differences between subgroups (i.e., vitamin E by age at diagnosis and by alcohol intake) were suggested in a few analyses, the observed RRs in those specific strata were modest and generally of marginal statistical significance. For the remaining analyses by levels of ovarian cancer risk factors, the results for each of the vitamin variables did not differ appreciably. In analyses by histological type, we observed some suggestion that greater vitamin intakes were associated with modestly higher risks of endometrioid tumors, but not with other histological types. ), physical activity (low, medium, high), smoking status (never, past, current), and total energy intake (kcal/day, continuous); age in years and year of questionnaire return were included as stratification variables c The Canadian National Breast Screening Study and Swedish Mammography Cohort were not included in these analyses because supplement use data at baseline were not available in these studies Based on previous experimental evidence, we hypothesized that intake of these vitamins would be inversely associated with ovarian cancer risk. With respect to previous epidemiological evidence, between 6 and 16 studies, not including those that are in this pooled analysis [10] [11] [12] [13] [14] [15] [16] , have previously reported on intake of vitamins A, C, and E and/or folate, whether from food, supplements or both, in relation to ovarian cancer risk. Only one of these studies used a prospective cohort design [6] , and the reported RRs were near the null value for intakes of dietary, supplemental and total vitamin A, C, and E, similar to our results. Among the case-control studies, relatively consistent results indicating an inverse association were observed only for vitamin E intake [55] [56] [57] [58] [59] [60] [61] [62] , where risk reductions of 20-59 % were reported in six [55] [56] [57] [58] [59] [60] out of eight studies, which were statistically significant in four [55] [56] [57] 59] . Results from previous studies were generally consistent also for folate intake [7-9, 59, 62-64] ; all suggested a null association, except one study that reported a statistically significant inverse association [9] . Among the 15 casecontrol studies on vitamin A intake [55-58, 60-62, 65-72] and 12 on vitamin C intake [55, 57-63, 65, 67-69] , statistically significant inverse associations were reported in only a few [55, 57, [60] [61] [62] , although inverse associations were suggested in some others [55, 56, 58, 63, 67, 69] . To our knowledge, only three studies have examined multivitamin use in relation to ovarian cancer risk and a null association was observed in all of these studies [56, 71, 73] . Although few observational studies have reported on associations with supplemental sources of vitamins, these relations are important to examine given that previous randomized controlled trials of supplemental vitamins have shown no significant benefit for cancer prevention and, in some cases, harmful effects [74, 75] .
While we hypothesized that vitamin intakes would be inversely associated with ovarian cancer risk, we observed some positive associations, such as an increased risk with dietary and total vitamin E among women diagnosed at younger versus older ages. Similar differences by age at diagnosis were suggested with intake of the other vitamins, but the differences were not statistically significant. These observed increased risks among women diagnosed at younger ages may reflect the increased risks that we observed for the endometrioid histological type, as some past research suggests that age at diagnosis may be slightly younger for the endometrioid histological type (vs. serous) [76, 77] . Data from the Pooling Project support a lower age at diagnosis for the endometrioid histological type (not shown). Associations by ovarian cancer histological type have been examined for vitamin A in one study [68] and for folate in three studies [7, 8, 56] , with no significant differences between histological types reported in these studies, although case numbers of nonserous tumors were small. RRs specific to endometrioid ovarian cancers were not reported in any of these studies. Emerging research has offered a new paradigm to the classification of ovarian cancer that is based not only on histological type but also on grade and molecular markers [69] . Unfortunately, the only data we had available on tumor characteristics in the Pooling Project were on histological type. Thus, if there are differences in associations with vitamin intake according to ovarian cancer types classified using the new paradigm, our analyses by histology alone may not have captured these differences. Moreover, these findings may reflect chance given that the analyses of endometrioid cancers were based on very small numbers (n = 156 cases, where in six out of the seven studies in this analysis, there were \30 cases).
Our results strongly suggest no inverse association between dietary and total vitamin intake and ovarian cancer risk overall, even for vitamin E intake, for which the majority of previous case-control studies suggested an inverse association. In fact, a suggestive increased risk of endometrioid ovarian cancer was observed, highlighting the importance of examining associations by histological type. The potential for our results to have been influenced by confounding is minimal as we included as covariates several ovarian cancer risk factors, and importantly, we observed only weak evidence for confounding by these factors. Furthermore, we observed little evidence for modification of the association between vitamin intake and ovarian cancer risk by these factors. This pooled analysis was based on cohort studies with diet assessed before the onset of disease, which reduced the potential for recall and selection biases that may occur in case-control studies. On the other hand, our findings of null associations may reflect bias toward the null resulting from measurement error in the assessment of diet using a FFQ. As food composition databases are generally country-specific [78] , and since each of the Pooling Project studies calculated vitamin intakes for their participants using their own databases, there was some variation in the food composition databases used by each study, which may have contributed to some misclassification. However, the use of country-specific food composition databases may also have resulted in improved accuracy because they take into account differences in food nutrient contents that may result from varying growing conditions or fortification practices [79, 80] . Nevertheless, the results for dietary intake of each of the vitamins were not appreciably different from the results after correction for measurement error in the assessment of intake. Misclassification might also have been introduced by the way vitamin intakes were modeled. For instance, with the study-specific quantile approach, true differences in absolute intake cannot be accounted for, which may result in risk estimates for different intake levels being combined when pooling the study-specific results. On the other hand, in the categorical analyses based on identical absolute cut points across studies, misclassification may have occurred because there may have been differences in vitamin intakes across studies due to differences in food composition databases or questionnaire design. Nonetheless, our results were similar regardless of whether vitamin intakes were modeled as continuous variables, study-specific quintiles, or categories defined by absolute intakes.
Another potential source of misclassification of vitamin intake is from having used FFQ data collected at baseline only. Thus, we were unable to examine cumulative exposure which would account for changes in intake during follow-up. However, associations did not vary for cases diagnosed shortly after baseline versus after a longer follow-up, suggesting that measurement error occurring with lengthy follow-up and unmeasured changes in diet did not substantially influence the results. Indeed, given that the latency period of cancer is generally long, baseline diet may have better represented the pertinent exposure period. However, if vitamin intakes during childhood, adolescence, or early adulthood are more relevant, our analysis of adult diet might not have captured the pertinent exposure period.
We prospectively examined 10 cohorts from North America and Europe with a wide range of vitamin consumption. By conducting a pooled analysis, we were able to define and categorize vitamin intakes, as well as other covariates, in a standardized manner across studies and thus minimize heterogeneity between studies due to differences in exposure and covariate definitions. As well, our study included almost 2,000 cases of invasive epithelial ovarian cancer and thus had greater statistical power to analyze these associations compared with each individual cohort separately and the majority of the previous casecontrol studies. The large number of cases also provided the opportunity to explore potential differences in risk according to the main histological types of ovarian cancer, as well as by levels of other ovarian cancer risk factors.
In summary, our results suggest that consumption of vitamins A, C, and E and folate during adulthood is not associated with a decreased risk of ovarian cancer overall, although vitamin intake may play a role in specific ovarian cancer types. These results are consistent with what we observed in the Pooling Project for ovarian cancer risk with intakes of carotenoids [81] , some of which can be converted to vitamin A, and fruits and vegetables [18] , an important source of vitamins.
